4
oligonucleotide primers located in cps2B and cps2D (see Supplementary Table 1) were 49 then used to introduce single amino acid codon changes throughout the HA-tagged cps2C 50 gene using overlap extension PCR (OEPCR), a technique that has been previously 51 described (8). 52
Characterisation of defined Cps2C mutants. Following transformation of D39 53
with the various OEPCR products, transformants were screened for Erm R , and the region 54 spanning cps2B, the mutated HA-cps2C and cps2D was subjected to DNA sequencing to 55 confirm correct mutation (data not shown). 56 the proline residues (R166D, A168T and S172R) also resulted in the small colony 74 phenotype. 75
The small phenotype mutants that did not map to the proline-glycine region 76 preceding and within TM2 are all present in secondary structure domains in the 77 extracellular loop. I54T is located in the first β-strand, while A91T and A146T are 78 located in the first and second α-helices, respectively. Although these substitutions are 79 located in regions of predicted secondary structure, they were not predicted to interfere 80 with folding. However, the impact these mutations have on Cps2C's tertiary structure and 81
function cannot yet be determined. 82
Western immunoblot analysis was performed to analyse Cps protein expression 83 levels, using anti-HA (Sigma, Cat# H3663-200UL) to detect HA-tagged Cps2C, anti-84 Cps2D (13), and anti-phosphotyrosine (Santa Cruz Biotechnology, Cat# sc-7020) to 85 detect the phosphorylated from of Cps2D (Cps2D~P). Lysates were obtained by growing 86
cultures to an OD 600 = 0.6 in 20 ml of Todd-Hewitt broth with 0.5% yeast extract (THY) 87 before resuspending the pellet in 400 µl 2 × Laemmli sample buffer (10). Lysates were 88 separated on 4-12% Bis-Tris gradient gels (Invitrogen NuPAGE gel system, Invitrogen, 89 7 mutants had similar levels of T-CPS expression compared to WT, while the small 119 mutants produced significantly less T-CPS (P < 0.0001) (Fig. 4A) . This supports the 120 hypothesis that the 'small' phenotype results from reduced CPS polymerisation and may 121 indicate lowered CPS polymerase (Cps2I) activity (12). The T-CPS levels of mucoid 122 mutants were, as predicted, similar to WT T-CPS levels, suggesting no alteration to the 123 CPS polymerase activity in these mutants. 124 CW-CPS detected for the small and mucoid colony types were both significantly 125 lower than WT CW-CPS levels (P < 0.0001) (Fig. 4B) suggesting that the presence of 126 mutated Cps2C induces a global down regulation of the CPS ligation machinery. 127
The percentage of CW-CPS compared to T-CPS for each mutant (defined here as 128 the attachment percentage) was calculated to determine if any absolute changes in CPS 129 attachment caused by Cps2C mutations can be observed (Fig. 4C) 
